Cloning and Characterization of a Mouse Type I Hair Keratin cDNA  by Bertolino, Arthur P. et al.
Cloning and Characterization of a Mouse Type I Hair 
Keratin cDNA 
Arthur P. Bertolino, M.D ., Ph.D., Daniel M. CheckIa, M.A., Robyn Notterman, M.D., Ian SkI aver, B.S., 
Theodore A. Schiff, B.A., Irwin M. Freedberg, M .D ., and Gary J. DiDona, B.S. 
Department of Dermatology, NYU Medical Center, New York, New York, U.S.A. 
A cDNA library was prepared from poly(A}-containing 
C57BL/6] mouse hair-root-enriched mRNA. The library 
was screened using a radio labeled nucleic acid probe pre-
pared from a sheep wool, Type I keratin cDNA clone 
(SWK2). C lone MHKA-1 was shown to contain a mouse 
hair, Type I keratin cDNA insert by positive hybridization-
selection translation assay, and by the corresponding deduced 
amino acid sequence. The size of the cDNA insert is 1585 bp 
(excluding homopolymer tails) and on the basis of Northern 
blot analysis it corresponds to a mRNA of approximately 
1.6 Kb. The cloned cDNA sequence includes the entire cod-
ing region for a prote in of 416 amino acids (including the 
I ntermediate filaments are major cytoskeletal components of most eukaryotic cells [1]. Keratins are a family of related proteins that constitute two of the four currently recognized classes of intermediate fil ament (IF) proteins (Type I, acidic keratins; Type II, basic keratins; Type III, desmin, vimentin, 
glia l fibrillary acidic protein [GFAP]; Type IV, neurofilament pro-
teins) [2] . In recent years, knowledge of the molecular characteris-
tics of keratin proteins and the genes that encode them has expanded 
dramatically. 
The keratin fami ly of proteins spans the molecular weight range 
of 40-70 K Mr. In general, the Type I keratins are of smaller size 
with an acidic isoelectric point as compared to the larger, neutral to 
slightly basic, Type II keratins. Analyses of amino acid sequence 
data [3] have shown that all IF subunit proteins share a common 
predicted secondary structure: a hi ghly-conserved, central, alpha-
hel ica l domain consisting of four coiled-coil segments and nonheli-
cal end-termina l domains of diverse sequences and lengths. Al-
though keratins of the Type I and Type II subfamilies arc present in 
hair, these "hard" keratins have been shown to be distinct from the 
"soft" keratins found in epithelia l tissues [4-10]. Eight distinct 
hard keratins, four Type I and four Type II, have been identified, 
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initiation m ethionine). Comparison of the deduced amino 
acid sequence with that of sheep wool, Type I keratin (8el) 
reveals an overall corresponding sequence identity of87%. In 
contrast, the MHKA-l protein is significantly less similar to 
non-hair Type I keratins. An additional 3 amino acids (adja-
cent proline residues) not present in the wool protein have 
been identified near the middle of the carboxy-terminal end 
of the mouse protein. MHKA-l is the first of a series of mouse 
hair follicle cDNA clones to be identified and characterized 
that will enable us to study follicular regulatory m echanisms 
and the interre lationships among the proteins in the mam-
m alian hair follicle.] Invest D ermatoI91 :541-546, 1988 
bringing the total number of currently known keratins to about 
thirty. The first published complete sequence of a hard keratin 
represented a sheep wool, Type I keratin (Bel) whose amino acid 
sequence was determined directly [11]. Deduced amino acid se-
quences of other sheep wool keratins should be forthcoming as 
corresponding eDNA (G. Rogers, personal communication) and 
genomic clones have already been J?repared [1 2]. The functional 
significance of this differential expression of keratin genes in differ-
ent tissues and during various stages of differentiation remains in-
completely understood . 
We have chosen to examine regulation of hair growth in the 
mouse because this model is uniquely advantageous in providing a 
wide array of mutants of the hair growth cycle and hair structure 
[13]. Towards this end, we are preparing cloned cD NAs corre-
sponding to specific mouse hai r mRNA.s for use as molecular 
probes. The clone, MHKA-1, described herein contains a eDNA 
sequence that includes the entire coding portion for a mouse hair 
Type I keratin. Thus, in addition to providing us with suitable 
nucleic acid segments for use as molecular probes, clone MHKA-l 
has enabled us to deduce the entire amino acid sequence of the 
corresponding protein. 
MATERIALS AND METHODS 
eDNA Synthesis and Cloning The poly(A)-containing RNA 
fraction was isolated by oligo(dT)-cellulose chromatography (14) 
from C57BL/6J 9-d-old mouse hair root-enriched RNA [15] . Dou-
ble-stranded cD NAs were synthesized by the "one-tube" method of 
D'Alessio et al [16] using Moloney murine leukemia virus reverse 
transcriptase (M-MLV RT). The double-stranded cD NAs were ex-
tended at their 3' -termini with multiple dC-residues using terminal 
transferase [17] . This eDNA. mixture was annea led with an approxi-
mate equimolar equ ivalent of (dG),,-tailed, Pst I-cut pBR322 (Be-
thesda Research Labs) and the mixture used to transform E. coli, 
HBI0l (competent cells, Bethesda Research Labs) according to the 
manufacturer's protocol. 
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Screening of the cDNA Library Colonies were screened by 
hybridization with a 32P-labeled, nick-translated probe prepared 
from the Bgl I-Hha I fragment (832 bp) of the sheep wool, Type I 
eD NA clone, SWK2 (unpublished: a gift from K. Ward). Plasmid 
DNA was prepared [18) in Millititer HA 96-well filtration plates 
(Millipore). Filtrates were transferred to nitrocellulose membranes 
using a Vaccu-Pette/96 (Culture Tek) 96-well pi petting device 
(E.S. Savtchenko, personal communication). Membranes were 
baked ac 80 °C for 2 h in vacuo chen prehybridized for 4 h at 42 °C 
(50% formamide, lOX Denhart's solution, 0.1 % SDS, 5mM 
EDTA, 5X SSC and 50 Ilg/ml herring sperm DNA) and hybridized 
for 16 h at 42 °C (50% formamide, IX Denhart's solution, 0.1 % 
SDS, 5mM EDTA, 5X SSC and 50 Ilg/ml herring sperm DNA). 
Membranes were washed at moderate stringency (IX SSC, 0.1 % 
SDS, 60°C, 20 minutes; 2 washes) and autoradiographed using 
Kodak XAR-5 film for 6-8 h exposure. 
Northern Blot Analysis Total RNA samples (40 Ilg) were heat-
denatured in 50% formamide/gel buffer (40 mM MOPS [pHS] , 
10mM sodium acetate, 1 mM EDT A, and 2.2M formaldehyde) and 
fractionated by electrophoresis (1.2% agarose/formaldehyde gel). 
Following transfer to a nitrocellulose membrane, prehybridization 
was performed at 42 °C for 18 h (lOX Denhart's solution, 5X SSC, 
25mM SDS, and 50% formamide). Hybridization with 2 X 106 
cpm oP2P-labeled, nick-translated MHKA-l cDNA/plasmid (spe-
cific activity: 1 X 108 cpm/Ilg) was at 42 °C for 18 h (2X Denhart's 
solution, 5X SSC, 25mM SDS, and 100 Ilg/ml herring sperm 
DNA). Washing was at moderate stringency (final wash: 0.5X SSC, 
0.1 % SDS, 45 ° C). Autoradiography exposure with Kodak XAR-5 
film was done for 13 h. 
In Vitro Translation mRNAs were used to direct protein syntlle-
sis in a rabbit reticulocyte in vitro translation system prepared ac-
cording to the method of Pelham and J ackson [19). Translation 
products were radiolabeled by incorporation of either 35S-methio-
nine (1200Ci/mmol; Amersham) or 3sS-cysteine (1500Ci/mmol; 
Amersham). 
Gel Electrophoresis/Immunoblots ID-SDS-PAGE was per-
formed according to the method of Laemmli [20} as modified by 
Sun and Green [21]. 2D-gel electrophoresis (IEF/SDS-PAGE) was 
performed according to the method of O'Farrell [22] using Servalyt 
ampholines, pH 3 to 10 (Serva). Proteins were transferred to nitro-
cellulose sheets according to Towbin et al [23} for immunoblot 
analysis with monoclonal anti-keratin antibodies AE3 and AE13 
(24, 5; gifts from T .-T. Sun). Bound antibodies were coupled to a 
perioxidase-antiperoxidase (PAP) complex by a bridging antibody 
[25]. Reaction of the bound PAP with 3,3'-diaminobenzidine was 
used to visualize reactive proteins. 
Bacterial Growth and Plasmid Isolation Selected clones har-
boring eDNA-containing pBR322 plasmids were grown in M-9 
minimal media in the presence of tetracycline (12.5Ilg/ml) at 37°C 
and plasmid copy number was amplified with chloramphenicol 
(170 Ilg/ml). Bacteria were harvested and lysed with alkali and 
plasmid DNA was recovered by cesium chloride density centrifuga-
tion [18). 
Positive Hybridization-selection Translation The specificity 
of MHKA-l eDNA was assayed essentially accord ing to the proto-
col of C leveland et al [26]. MHKA-l eDNA-containing plasmid 
(25 Ilg) was linearized by digestion with Hind III endonuclease 
(Bethesda Research Labs), as was vector (pBR322) DNA for a nega-
tive control. DNA was denatured then bound to nitrocellulose 
squares (lcm2) by baking and prehybridized for 3 h at 42 °C in 
300 ILl of buffer (50mM PIPES [pH7.0), O.4M NaCI, 5mMEDTA, 
50% formamide, 0.5 mg/ml calf liver tRNA). Each nitrocellulouse 
square was then hybridized with total cytoplasmic hair root RNA 
(100 Ilg) in the same buffer with tRNA concentration lowered to 
0.25 mg/m!. They were then washed twice at room temperature 
(IX sse, 0.5% SDS), three times at room temperature and once at 
50°C (O.IX SSC, 0.1% SDS), and once at room temperature and 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
once at 60 °C (10mM Tris-HCl [pH8], 1mM EDTA). Bound 
mRNA was eluted from the squares by boiling in water (300 Ill) for 
90 sec. Calf liver tRNA (5Ilg) was added as a carrier and RNA Was 
precipitated with ethanol overnight at -20·e. Precipitated RNA 
was resuspended in water (3 Ill) and used to direct protein synthesis 
in the in vitro translation system. 
Nucleic Acid Sequencing and Analyses The four Pst I frag, 
ments ofMHKA-l cDNA were subcloned into M13mp18 and were 
sequenced by the dideoxy method [27) using the Sequenase™ sys, 
tern (United States Biochemicals). All ambiguities were resolved by 
sequencing in both directions. Sequence analyses were performed 
using the Pustell Sequence Analysis Programs (International Bio, 
technologies, Inc.). 
RESULTS 
cDNA Library: Preparation and Screening The single-tube 
method of cDNA synthesis that was used for these experiments (see 
Materials and Methods) was found to be the most efficient of several 
approaches for cDNA production. (dC)lI-homopolymer-tailed dou, 
ble-stranded cDNA was produced in 3% overall isolated yield. A 
single cloning experiment using 2.2 ng of cDNA (13.5ng total 
DNA) produced 4,751 tetracycline-resistant clones. Parallel trans, 
formation using vector DNA alone revea led a background transfor_ 
mation of only 0.8% of that obtained when cDNA was included. 
A cloned sheep wool cDNA, SWK2, was used as the source of a 
probe for screening the library for homologous mouse Type I kera, 
tin eD NA clones. Northern blot analysis confirmed that this probe 
hybridizes to mouse hair mRNA (data not shown) . Of ten clones 
selected using the SWK2-derived probe, clone MHKA-l was cho, 
sen for initial characterization because it contains a relatively large 
cD NA insert. 
Northern Blot Analysis MHKA-l cDNA insert-containing 
plasmid DNA was isolated, nick-translated, and used as a probe for 
Northern blot analysis. As showri in Fig 1, it hybridizes to hair 
mRNA of aprroximately 1.6 Kb length. The control lane demon-
strates lack 0 hybridization to mouse liver mRNA. 
Reference Hair Proteins: 2D-Gels/ Immunoblots Hair root 
proteins were examined in order that identification of correspond-
ing clones could subsequently be performed. In vivo 35S-methio-
nine-labeled, urea-extractable reference hair proteins were prepared 
as previously described [15], separated by 2D-gel electrophoresis 
(isoelectric focusing/SDS-P AGE), and transferred to nitrocellulose 
1 2 
-2.37 
.... 
-1.37 
.c 
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-0.24 
Figure 1. Northern blot analysis. Lalle 1: total mouse liver RNA. Lalle 2: 
total mouse hair root RNA. Nick-translated MI-IKA-l DNA was used as 
probe. Arrow marks migration of hybridized mRNAs. 
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Figure 2. Jmmunoblot identification of hair keratins. Hair root reference 
proteins were radiolabeled and separated by 1: isoelectric focusing; 2: SDS-
polyacrylamide gel electrophoresis. T he proteins were transferred to nitro-
cel lulose sheets and detected by autoradiography or with monoclonal anti-
keratin antibodies (AE3 or AE13). A: Autoradiogram of radiolabeled 
reference proteins. B: Type II hair keratins detected by AE3. C: Type I hair 
keratins detected by AE13 (X marks Type I keratin not detectable by autora-
diography). 
sheets. Figure 2A is an autoradiogram of the separated proteins. The 
incorporated 35S-methionine identifies them as newly translated. 
For reference, they have been labeled mHbl-4 and mHal-4 (the 
asterisk marks a protein of uncerta in identity) . This serves as a practi-
cal classi fication in the absence of the peptide mapping data requisite 
for accurate assignment of recent protein catalog designations of 
hair keratins [4] . 
T he keratins were identified using monoclonal antibodies AE3 
(specific for epidermal/ hair Type II keratins) (D. Dhouailly and 
T. -T. Sun, personal communication) and AE13 (specific for hair 
Type I keratins) (5 ,24). Figure 2B shows the hair Type II keratins 
(mHb1-4) identified by AE3. Figure 2C shows the hair Type I 
keratins (mHa 1-4) identified by AE13. A fifth AE13-positive Type I 
kera tin, a minor component, is labeled (X) in Fig 2C. This keratin is 
not very abundant as it is not demonstrable by Coomassie Blue stain 
or Fast Green stain , not detectable with 35S-methionine incorpora-
tion, and is only barely detectable with 35S-cysteine incorporation 
(data not shown); it may, thus, represent a degradation product. 
Positive Hybridization-selection Translation Assay Transla-
tion products, encoded by the mRNAs selected from total RNA by 
hybridization to MHKA-1 cDNA, were labeled with 35S-cys teine 
for 1D-gel (SDS-PAGE) analysis because the endogenous transla-
tion artifac t obtained with 35S-methionine obscures the products of 
interest. As shown in Fig 3A, MHKA- l cDNA-selected mRNAs 
encode proteins of 46-47K Mr. 2D-gel electrophoresis (isoelectric 
focusingjSDS-PAGE) of a mixture 0£35S-methionine labeled trans-
lation products and non-radio labeled hair reference proteins pro-
vided further resolution. Type I keratins were detected with AE13 
antibody (Fig 3B) and translation products by autoradiography (Fig 
3C). T he selected mRNAs encoded all four major mouse hair Type I 
keratins indicating that they are very similar. High stringency hy-
bridization washes were not helpful in further refining specificity of 
the cloned cDNA. 
Nucleic Acid Sequencing Restriction endonuclease mapping 
revealed that MHKA-l cDN A is composed of four Pst I fragments; 
I 
1 
I 
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I 
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C LONED HAIR KERATIN eDNA 543 
I -I 
4 je 
2 
mHo 2 
mHol 
mHo2 ... ~ .... mHa3 
m ...... 
Figure 3. Positive hybridization-selection translation assay. A: tD-gel 
(fluorogram), lalle 1 (blank translation mixture): lane 2: translation products 
encoded by vector (p13R322) (selected mRNAs): lalle 3: translation products 
encoded by MHKA-t eD NA-selected mRNAs: lall e 4: total translation 
products. The prominent artifact band common to all lan es is due to the 
3sS-cysteine label utilized. B: 2D-gel immunoblot of reference hair root 
proteins mixed with 35S-methionine-labeled translation products encoded 
by MHKA-l cDNA-selected mRNAs; T ype I keratins detected with AE13 
anti-keratin antibody. (1: isoelectric focusing: 2: SDS-PAGE) C: Autoradio-
gram of pallel B. 
these fragments were subcloned into M13mp18 for sequencing by 
the dideoxy-DNA technique. T he correct order of these non-over-
lapping sequences was determined by alignment with SWK2 
cDNA. The length of'the cDNA was found to be 1585 bp (exclud-
ing bomopolymer tails: 5', 13bp; 3', 20bp) , and its sequence is 
presented in Fig 4. T he four Pst I fragments are, in order from the 
5' -end to 3' -end, 496bp, 383bp, 63bp, and 676bp (680 bp, includ-
ing the regenerated 3' -Pst I site). The putative initiation methio-
nine codon (ATG) begins at base 83, demonstrating that this cDNA 
probably includes sequence corresponding to the mRNA 5'-non-
translated region. T he 3' -end of the cDNA extends well beyond the 
termination codon (TAG) at base 1331 and includes the polyadeny-
lation signal (AATAAA) beginning at base 1588. However, it does 
not contain the poly(A)-tail. 
Deduced Amino Acid Sequence MHKA-1 eDNA encodes a 
Type I keratin of 416 amino acid residues (including initiation 
methiol\ine) (calc. M.W. 47 ,091 ; pI 5.66). The deduced sequence is 
depicted in Fig 5 and is aligned with the published sequence [11] of 
sheep wool keratin 8c1. The predicted secondary structure of 
1 GGGGGGGGGG GGGAGAGCTC TGAGGCTTGG AGM TTCACA CCGAGCTTTC AGCCAGGTAC 
61 CTCTCTCCCT CCCTCCAGCA CCATGCCATA CMTTGCTGC CTGCCGGCCC TGAGCTGCCG 
12 1 CACCAGCTGC TCCTCCCGGC CCTGTGTGCC CCCCAGCTGC CATGGCTGCA CCCTGCGTGG 
181 GGCCTGCAIIC ATCCCCGCCA ATGTGGGCAA CTGCAATTGG TTCTGTGAGG GCTCCTTCAII 
241 TGGCAATGAG AAGGAGACCA TGCAGTTCCT GAATGACCGC CTGGCCTCCT ATATGGAGAA 
301 GGTGAGGCAG CTGGACACAC AGAATGCAGA GCTCGAATGT ACGATCCAGG AGAGGAAGGA 
361 GCAGCAGGAC CCCCTGGTGT GTCCTGCCTA CCAGGCCTAC TTCAGGACCA TTGAGGAGTT 
421 GCAGCAGAIIG ATCCTGTGCA GCAAATCAGA GAATGCGAGG TTGGTGGTGC AGATAGATAA 
481 TCCCAIIGCTG GCTGCAGACG ACTTCAGGAC CAAGTATGAG ACAGAGCTCG GTCTGCGGCA 
541 CGTGGTAGAG TCAGACATCA ACGGCCTGCG AAGGATCTTG GATGAGCTGA CCCTGTGCAA 
601 GTCTGACCTG GAGGCTCAGG TGGAGTCCCT GAAGGAGGAG CTGCTGTGTC TCMGAGGAA 
661 CCATGAAGAG GMGTCAACA CCCTACGCTG CCAGCTTGGA GACCGCCTCA ACGTGGAGGT 
721 GGACGCTGCT CCCACCGTGG ACCTGAACCG TGTGCTCAAC GAGACCAGGT GTCAGTACGA 
781 GGCCATGGTG GAAACCAACC GCCGGGAAGT GGAGGAA TGG TTCACCACAC AGACAGAGGA 
841 GCTGAACAAG CAGGTGGTGT CCAGCTCAGA GCAGCTGCAG TCCTGCCAAG CCGAGATCAT 
901 CGAGCTGAGA CGCACAGTCA ACGCCCTCCA CATCCAGCTG CAGGCCCAGC ACTGCATGAG 
961 AAIICTCTCTG GAGAACACCC TGACAGAGAG TGAGGCTCGC TACAGCTCTC AGCTGTCCCA 
1021 GGTGCAGTGC CTGATCACCA ACGTGGAGTC CCAGCTTGGT GAGATCCGGG CTGACCTGGA 
1081 GCGTCAGAAC CAGGACTACC AGGTGCTGCT GGATGTCAAG GCCCGGCTGG AGTGTGAGAT 
1141 CAIICACGTAT AGGGGCCTGC TGGAGAGCGA GGAGTGCAIIG CTACCTTGCA ACCCCTGTGC 
1 201 CACAAGCAAT GCATGCGGCA AGCCCATTGG GCCCTGCGTC TCCAATCCCT GTGTCCCCTG 
1261 GGGAGGGGCT GCCGGTTG'CA GAGGTTGTGT CCCACGTCCC CGCTGTGGGC CATGCMCTC 
1321 CTTTGTACGC TAGAACCTGG GGGATGTCAA CAGAGCAIIGG ACACTGGGCT TAGCACTCCA 
1381 GATGGCTGAC CTGGTTCTGG TTCCACMAA ACAGACGTM AACCCACAAA CCTAIITGGCC 
1441 AGAGCATCTC TGGGATGACA GTCCCAGMT CTGTGTCTTC AGCCACTGCA CCCTCCTCCA 
1501 GGCCATTCTC TGCCTGCCTG CCTCCTATTC TTCATTGGAC TGCTCAGAGG ACTCTGMGT 
1561 GCCAGTGGCC CTCCCTTGTA ATCTCCC~CATTTCC CCCCCCCCCC CCCCCCCC 
Figure 4. Nucleic acid sequence of MHKA-1 cDNA insert. Putative initia-
tion codon (ATG) begins at base 83; termination codon (TAG) begins at 
base 1331: polyadenylatioll signal (AATAAA) begins at base 1588. Homo-
polymer-tails added for clonin g are included at the ends. 
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Figure 5. Comparison of MHKA-l (mouse hair) and 8cl (sheep wool) keratin amino acid sequences. M: deduced MHKA-l (mouse hair) sequence. S: 8cl 
(sheep wool) seq uence. Identical residues in 8el are represented by capital letters and differences by lower case letters. The predicted secondary structure based 
upon the 8cl data is depicted by the diagram underlying both sequences; thill bars: non helical amino-terminal and carboxy-terminal ends, left/right, 
respectively; l1IediulII bars: linkers L1, L 1/2, and L2; thick bars: helical domains lA, lB, 2A, 2B. The box highl ights 3 add itional am ino acids (adjacent proline 
residues) in MHKA- l for which there are no counterparts in 8el (Data for 8el according to Dowling et al [28]). 
MHKA-l protein depicted below the sequences is based upon the 
secondary structure previously predicted for 8el [28] . MHKA-1 
protein has three additional amino acids (adj acent proline residues) 
in the nonhelical carboxy-termina l domain and one additional 
amino acid at the nonhelical amino-terminal end (the initiation 
methionine that is assumed to be cleaved from the native protein). 
The mouse hair MHKA-l keratin and sheep woolB el keratin are 
highly similar. Comparison of the corresponding 412 amino acids 
between the two sequences is tabulated in Table I. High overall 
similarity is based upon 87% identical amino acids. The subdomain 
of highest similarity is the linker region L 1/2 (100% identical). 
The most divergent region is the linker region L 1 (73 % identical) . 
Table I. Regional Comparison between MHKA-l (Mouse 
H air) and Bel (Sheep Wool) Amino Acid Sequences' 
Region Amino Acid Residues Percent Identity 
(Domain) (IdenticaljTotal) (% ) 
Overall 357/412 87 
Amino-terminal 44/55 80 
(nonhelical) 
Carboxy-terminal 36/46 78 
(nonhc1ical) 
Helical 247/277 89 
Subdomain 
lA 32/35 91 
IB 94/101 93 
2A 18/20 90 
2B 103/121 88 
Linkers 30/34 88 
Subdomain 
L1 8/11 73 
Ll / 2 16/16 100 
L2 6/7 86 
• Comparison based upon the 412 amino acid residues having counterparts in both 
sequences. The deduced mouse sequence has four additional am ino acids: the initiat ion 
methionine at the amino-terminal end and three adjacent proline residues near the 
middle of the carboxy. terminal end. 
Lack of sequence data for the other sheep wool and mouse hair Type 
I keratins precludes accurate determination of exact interspecies 
keratin counterparts . -
Further evidence that MHKA-l represents a hair kera tin results 
from comparison of its amino acid sequence with that of sheep wool 
keratin Bel and non-hair Type I keratins (Fig 6). Non-hair Type I 
keratin sequences share only relatively low similarities with 
MHKA-l as compared to sheep wool 8cl. 
DISCUSSION 
Our ultimate goal is to assay individual hair follicle messenger RNA 
levels and distributions during variations of mammalian hair 
growth in order to gain a better understanding of the regulatory 
processes involved. This approach relies in part upon the construc-
Amino Acid Residue (MHKA -11 
Figure 6. Similarities between aligned amino acid sequences: mouse hair 
keratill MHKA-l compared with other Type I keratins. Brokell lille: sheep 
wool 8el [11J. The opell circle indicates a gap in 8el correspondi ng to the 
three additional am ino acids (adjacent proline residues) found in MHKA-l. 
Solid lille: mOllse Endo B [32J, mOllse epidermal 59K [33J, human epidermal 
50K [34], and mouse tongue 47 K [35]. 
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tion and utilization of molecular probes suitable for direct qualita-
tive and quantitative measurements of key hair follicle messenger 
RNAs. Toward this end, we previously developed an efficient 
method [15] for isolation of mouse hair follicle RNA and have now 
used this RNA to prepare a hair cDNA library. The first character-
ized clone, MHKA-I, represents a type I hair keratin. 
Based upon the finding [29] that corresponding keratin cDNAs 
from different species tend to exhibit greater sequence homologies 
than different keratins from the same species or other species, it was 
anticipated that a sheep wool keratin cDNA would serve as a better 
probe for hair keratin cDNAs than other available non-hair keratin 
sequences. Our mouse hair cDNA library was, therefore, screened 
with a Type I keratin probe generated from sheep wool SWIG 
cDNA. The Egl I-Hha I restriction fragment (832 bp) of the 
SWK2 cDNA insert, corresponding to the sequence encoding the 
keratin region from the mid-IE domain to the end of the carboxy-
terminal domain, was chosen as the probe because it contains areas 
of presumed high interspecies similarity. Clone MHKA-I was cho-
sen for initial characterization as it was noted to contain one of the 
larger cDNA inserts. 
Northern blot analysis (Fig 1) of total RNA from hair roots and 
liver with the cDNA from clone MHKA-I demonstrated specific 
hybridization to hair root mRNAs of approximately 1.6 Kb. How-
ever, in order to provide more accurate identification of the hybri-
dizing mRNAs, partial characterization of the corresponding hair 
proteins was performed. 
In vivo labeled, urea-extractable reference hair root proteins were 
separated by 2D-gel electrophoresis and detected by autoradiogra-
phy (Fig 2A). A large number of proteins are apparent, although it is 
likely that many represent isoelectric variants of a lesser number of 
distinct proteins [4] . We have classified them accordingly. These 
proteins, being radiolabeled in vivo, represent hair root proteins that 
have been newly synthesized. Two general groupings of proteins, 
mHbl-4 and mHal-4, are apparent on the basis of electrophoretic 
migration. Type II hair keratins would be anticipated to be among 
the first group (more basic; higher molecular weights) and Type I 
hair keratins would be expected to migrate with the second group 
(more acidic; lower molecular weights). 
Immunoblots of these separated reference proteins were per-
formed using monoclonal antibodies AE3 and AE13 for detection of 
Type II and Type I hair keratins, respectively. As with other species 
examined to date, there are four major Type I (mHa 1-4) and four 
major Type II (mHb1-4) murine hair keratins. Interspecies compar-
ison by hair keratin catalogue classification of the mouse proteins 
according to the scheme [4] utilized for human, ovine, and bovine 
hair keratins will only be possible once peptide mapping or corre-
sponding protein sequences are available. Nevertheless, the addi-
tional Type I keratin (X) of approximately 42KMr noted in Fig 2C 
but not detectable by incorporated 35S-methionine (Fig 2A), proba-
bly represents the "X-protein" previously noted in human hair [4]. 
It has the lowest apparent molecular weight of the identified hair 
keratins. 
Positive hybridization-selection translation assay of the 
MHKA-1 cDNA demonstrated specificity for mRNAs that encode 
mouse proteins of 46K-47K Mr (Fig 3A, lalle 3). Further refined, 
2D-gel analysis of these selected translation products revealed them 
to be the major hair Type I keratins (mHa1-4) (Fig 3B,C) . As high 
stringency hybridization washes did not further refine specificity of 
the cloned cDNA, the selected mRNAs that encode the major hair 
Type I keratins must be very similar. Exact specificity of MHKA-1 
must await subcloning of a 3' -specific fragment from this clone so 
that more refined hybridization-selection translation may be per-
formed . 
Nucleic aci4 sequencing of the MHKA-I cDNA revealed that it 
corresponds to a nearly full-length mRNA. Its length of 1585 bp 
(excluding the combined homopolymer-tail length of 33 bp) (Fig 
4) closely approximates the mRNA length of approximately 
1600 bp estimated from Northern blot analysis (Fig I). As the se-
quence does not contain the poly (A)-tail, it is probable that the 
native mRNA contains a relatively short poly(A}-tail segment. Be-
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cause the method of cDNA synthesis relied upon an oligo(dT) 
primer, the absence of the poly(A)-tail in the cloned sequence sug-
gests that a nuclease shortened the original cDNA prior to homopo-
lymer-tail synthesis. Nevertheless, the cloned sequence includes a 
5'-untranslated sequence of 70 bp upstream from the putative ini-
tiation codon (ATG) that begins at base 83 and a 3' -untranslated 
sequence of 265 bp following the termination codon (TAG) that 
begins at base 1331. 
The deduced amino acid sequence of the Type I hair keratin 
encoded by MHKA-1 is 416 amino acid residues long (including the 
initiation methionine). The calculated molecular weight (47 ,091 ) is 
slightly higher than the apparent molecular weights (46 ,000-
47,000) of the major Type I hair keratins based upon 1 D-gel analy-
sis. However, discrepancies of even greater magnitude have been 
noted previously with other cloned keratin sequences and probably 
are due to slightly aberrant electrophoretic migrations of the kera-
tins [30] . The sequence is very similar to sheep wool keratin 8el (Fig 
5). However, the MHKA-1 protein has an additional three amino 
acids in the nonhelical carboxy-terminal end and one additional 
amino acid at the amino-terminal end (the initiation methionine 
that is assumed cleaved from the native protein). The corresponding 
412 amino acids (Table I) are 87% identical to the sheep 8el keratin. 
It is interesting to note that this homology is not restricted only to 
the central helical domain as the nonhelical amino-terminal do-
mains share 80% identity. If functional diversity of keratins is, in 
fact, related to the non helical domains [31]. then conservation of the 
amino-terminal domain primary structure for hair may be more 
important than that of,the carboxy-terminal domain (noted to have 
three additional amino acids, adjacent proline residues, in the mouse 
protein). The central helical domain remains the most highly con-
served. 
Although MHKA-1 and sheep wool 8el are the only currently 
available hai r Type I keratin sequences for comparison, their amino 
acid sequences suggest (Fig 6) that Type I hair keratins are more 
similar to each other than to non-hair Type I keratins. Further 
clarification of this point will emerge as other sequences are deter-
mined. 
Clone MHKA-l is the first of a series of mouse hair follicle 
cDNA clones to be identified and characterized from our cDNA 
library. The fairly long 3' -untranslated region of the sequence 
should prove to be a useful source of a specific probe for its corre-
sponding mRNA, while a subclone from a more highly conserved 
portion of the sequence should provide a general probe for Type I 
hair keratins. These probes and others that we are generating, along 
with the ancillary data accumulated in the course of their prepara-
tion, will enable LIS to study follicular regulatory mechanisms and 
the interrelationships among the keratin and non-keratin proteins 
in the mammalian hair follicle. 
We wish 10 t/w/lkK. WordJo I' providi/lg the sheep wool e/olle5 WK2, T .-T . SIIIIJor 
'IIO'JOe/OIlol olllibodies AE3 mId AE13, olld M. BlllmeubergJor helpJlI1 advice. 
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